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Abstract
Cage-free egg production has been a topic of increasing attention in the USA over the past two years. With
different cage-free styles and management schemes, retailers have developed their own cage-free criteria. One
highly debated aspect is if hens may be kept inside the system for part of the day, during the first few hours
after lights-on. Research is lacking regarding the impact of such practice on hen well-being, production
performance, and environmental conditions. The objective of this study was to evaluate the effects of
providing full litter access (i.e. doors always open) vs. partial litter access (i.e., doors automatically opened 5 hr
after lights-on), coupled with the absence or presence of experienced hens (1.5% of population) on the
following variables: a) incidence of floor eggs, b) birds remaining on litter floor at night, c) bird mortality, d)
body weight and uniformity, e) ammonia level in the barn, and f) amount and moisture content of floor litter.
A commercial aviary henhouse (51,405 Dekalb White hens) was divided into 32 sections for the four
treatments (8 replicates per treatment). Results show that sections with full litter access had considerably
higher incidences of floor eggs, more manure deposition on the floor, and higher ammonia levels in winter, as
compared to the partial litter access sections. Inclusion of experienced hens in the young flock did not reduce
floor eggs. The percentage of hens remaining on the floor at night was low (<0.01%) for all treatments from 24
weeks of age onward.
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ABSTRACT. Cage-free egg production has been a topic of increasing attention in the USA over the past two years. With 
different cage-free styles and management schemes, retailers have developed their own cage-free criteria. One highly 
debated aspect is if hens may be kept inside the system for part of the day, during the first few hours after lights-on. Research 
is lacking regarding the impact of such practice on hen well-being, production performance, and environmental conditions. 
The objective of this study was to evaluate the effects of providing full litter access (i.e. doors always open) vs. partial litter 
access (i.e., doors automatically opened 5 hr after lights-on), coupled with the absence or presence of experienced hens 
(1.5% of population) on the following variables: a) incidence of floor eggs, b) birds remaining on litter floor at night, c) 
bird mortality, d) body weight and uniformity, e) ammonia level in the barn, and f) amount and moisture content of floor 
litter. A commercial aviary henhouse (51,405 Dekalb White hens) was divided into 32 sections for the four treatments (8 
replicates per treatment). Results show that sections with full litter access had considerably higher incidences of floor eggs, 
more manure deposition on the floor, and higher ammonia levels in winter, as compared to the partial litter access sections. 
Inclusion of experienced hens in the young flock did not reduce floor eggs. The percentage of hens remaining on the floor 
at night was low (<0.01%) for all treatments from 24 weeks of age onward.  
Keywords. Air quality, animal welfare, floor eggs, food safety, poultry management  
Introduction 
Over the past two years, cage-free egg production has been a topic of increasing importance in the United States due to 
pledged transition by retailers and restaurants from cage to cage-free eggs. With different cage-free styles and management 
schemes, retailers have developed their own cage-free criteria (Chai et al., 2018; Mench et al., 2011). 
Several studies were performed in order to improve animal welfare and sustainability of the egg production chain. Private 
assurance schemes, scientists, charities, government and egg companies have improved the welfare of UK cage-free laying 
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hens by introducing formal assessments and encouraging farmer behavior to constantly improve welfare practices (Mullan 
et al., 2016). Adequate management practices of laying hens such as rearing method, medication, vaccination, light intensity, 
genotype, feed composition, beak trimming, manure removal and fogging water or oil have been shown to improve welfare 
by reducing risks of parasitic disorders, outbreak and spreading of cannibalistic pecking, increased feed intake, mislaid eggs, 
and poor air quality (Tauson, 2005). There are still general concerns regarding egg quality related to housing types that need 
to be scientifically addressed (Holt et al., 2011). 
Floor eggs are a challenging issue in cage-free systems, as it has implications on food safety and cost of production. In a 
study of an alternative laying system, Cooper and Appleby (1995) reported that most of the floor eggs (80%) were laid by 
the same 6 hens. These “floor-layers” presented less nest-building behavior and more nest seeking behavior. 
One highly debated component is if hens may be kept inside the system for part of the day, during the first few hours of 
lights-on, i.e., partial litter access (PLA), in order to make the birds use the nest boxes and thus reduce the amount of floor 
eggs. Research is lacking regarding the impact of such practice, as compared to constant or full litter access (FLA) on hen 
well-being, production performance, and environmental conditions. 
Therefore, the objective of this study was to evaluate the effects of FLA vs. PLA, coupled with the presence or absence 
of experienced hens (1.5% of the population) on reduction of floor eggs, percentage of birds remaining in the litter area at 
night, mortality, body weight (BW), BW uniformity, ammonia concentration, litter depth, moisture content of litter, and 
amount of litter removed. Due to the page limitation, the complete and detailed results of this study will be given in a 
subsequent paper. 
Materials and Methods 
One aviary henhouse (153 m L x 21 m W x 3 m H) containing the Big Dutchman Natura 60™ aviary system was used in 
this field study, housing 51,405 DeKalb white young hens (17 weeks of age - WOA) at the onset of the experiment. The 
aviary house featured system doors that could be controlled to stay open or closed. The henhouse had a total of 40 sections, 
32 of which were used to receive four experimental regimens. Hence, there were eight sections or replicates per regimen. 
Each section had either 857 birds for the outer sections (next to the sidewalls) or 1,714 birds for the inner sections, with 
approximately 10,280 pullets allocated to each regimen. The four experimental regimens were: 1) full litter access (FLA) 
with pullets only (FLAP), 2) FLA with pullets plus experienced hens (FLAE), 3) partial litter access (10:50 h - 21:00 h per 
day PLA) with pullets only (PLAP), and 4) PLA with pullets plus experienced hens (PLAE). The lighting program ranged 
from 12 to 16 hours depending on the hens’ age. After 24 WOA, the light came on at 05:00h and started to go off at 21:00h, 
with a 45-min dimming period. In this paper, the word “regimen(s)” is used when comparing the effect of litter access (PLA 
vs. FLA) while the word “treatment(s)” is used when evaluating the effect of litter access nested with the use of experienced 
hens or not (FLAP, FLAE, PLAP and PLAE). 
The pullets reared in an aviary pullet house were brought to the farm at 17 WOA. All pullets were kept inside the system 
for 10 days to ensure familiarity with the system (location of feed, water and explore the nest box) before starting the 
respective regimens. At the conclusion of the initial 10 days, the system doors in the FLA regimens were opened and 
remained open; and experienced hens (1.5%) were introduced to the FLAE sections. Birds in the PLA regimens or sections 
followed the typical management practice of being kept in the system for a total of four weeks in order for them to get used 
to the nest box before having access to the litter floor area.  At 22 WOA the PLA birds were allowed daily access to the litter 
floor from 11 am (after the general oviposition time) to before lights-off. The experienced hens (1.5% of population) were 
introduced to the PLAE sections at the time when the hens were given litter floor access (after 4 weeks of being in the 
system). The experienced hens had previously been housed in another aviary barn on the same farm. They were Bovan white 
at 49 and 53 WOA, respectively, when placed with the pullets in the FLAE and PLAE regimens. 
The following parameters were measured: 
a) Floor eggs. The number of floor eggs were counted manually, once a day, and recorded in the checklist provided for 
each section. 
b) Birds on the floor at night. The birds remaining on the litter floor after the lights off at night were counted manually, 
early in the morning (before lights came on), and recorded in the checklist in each section. 
c) Mortality. The number of dead birds were counted manually, once a day, and registered in the checklist provided to each 
section. 
d) Body weight and uniformity. Fifty birds per treatment were weighed weekly. Averages and standard error were calculated 
for each of the four treatments. 
e) Ammonia concentration. Ammonia concentration (ppm) was measured at the litter perch level by three different 
instruments (RAE® detection tubes used with a hand pump; Honeywell® electrochemical [EC] ammonia detector; 
Altair®EC ammonia detector provided by the farm). The detection tubes were used in sections 3 and 7 of all rows (8 
sections total), while the EC detectors were used in all sections. 
f) Litter depth. The litter depth was measured at three different locations per section, in all sections, using a wooden stick 
and a metal standard ruler. 
g) Moisture content of the litter. Litter samples were collected from the litter floor in three different locations of 12 sections 
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in the barn. The moisture content was determined by oven-drying method. 
h) Amount of litter removed from the floor. Litter on the floor was removed from the barn during weeks 37/38, 54/55 and 
77/78. The weight of litter removed per section was determined and recorded. 
All the variables data were collected from January 2017 to January 2018. 
Results and Discussion 
Floor eggs 
Weekly percentage of eggs laid on the floor was not affected by inclusion of 1.5% experienced hens in the young flock 
(P = 0.48), but it was significantly affected by the litter access management (P < 0.01). No significant effect of interaction 
between inclusion of 1.5% experienced hens and litter access management was found (P=0.54). Overall mean weekly 
percentage of floor eggs was 4.15 ± 1.53% in FLA and 0.29 ± 0.11% in PLA; 1.05 ± 0.39% with inclusion of 1.5% 
experienced hens and 1.12 ± 0.42% without. The percentage of weekly and cumulative floor eggs per treatment (mean and 
SE) is presented in Figure 1. For the rest of the measured variables, the data were pooled and presented as FLA or PLA.   
 
Figure 1. Weekly and cumulative floor eggs in each treatment vs. hen age (mean ± SE). PLA (Partial litter access), FLA (Full litter access), -E 
(Treatment started with pullets and 1.5% of experienced hens), -P (Treatment started with only pullets). 
The litter floor cleaning was performed three times in the period of 37/38, 54/55 and 77/78 WOA, during which the 
system was kept closed for all treatments. The abrupt reduction in percentage of floor eggs following the system closure 
continued after the doors were reopened, with a trend of increase in the subsequent week. 
The cumulative floor eggs per 1,000 hens housed at 76 WOA was 12,625 ± 1,111 and 1,374 ± 148 (i.e., 12.6 ± 1.1 and 
1.4 ± 0.1 eggs per hen housed) for the FLA and PLA regimen, respectively (P < 0.001). The amount of floor eggs decreased 
with time in the first 8 weeks for all treatments. This trend could be a result of transitioning to stabilization as the birds 
became more accustomed to using the system structure. A similar result was observed by Cooper and Appleby (1996) who 
evaluated the incidence of floor eggs from individual laying hens from 22 to 28 WOA and found a reduction from 25% to 
5% of eggs laid on the floor, respectively. However, the short period of the Cooper and Appleby study did not allow 
evaluation of stability of this behavior over the production cycle. 
After 28 WOA, we observed a consistent increase in the number of eggs laid on the litter floor for all treatments until the 
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time of floor cleaning when the system was closed for a period of 10 days (Figure 1). During this period, the hens were re-
trained to use the system (nest boxes); and upon allowing for litter area access the percentage of floor eggs was < 1%. In an 
extensive review on cognition, emotion and behavior of domestic chickens, Marino (2017) reinforced that learning, 
particularly in a social context, is an important driver of chicken cognition. But information is scarce about how cognitive 
abilities play out developmentally into maturity in chickens. 
Birds remaining on litter floor at night 
Using experienced hens did not affect percentage of hens remaining outside the system at night (P = 0.71). However, the 
proportion of hens outside the system at night was statistically different between the FLA (0.040 ± 0.002) and PLA (0.010 
± 0.001) regimens (P < 0.001). No significant effect of interaction between inclusion of 1.5% experienced hens and litter 
access management was found (P=0.85). The proportions of birds that stayed outside the system at night were quite low 
(<0.01%) and somewhat similar for all treatments from week 25 onward. The percentage of birds outside the system at night 
is shown in Figure 2.  
There was a decline in the percentage of birds remaining on the litter floor beginning in 21 WOA. This result presumably 
arose from the birds being acclimated to the lighting program (“calling” the birds back to the system at night) and the aviary 
system.  
The percentage of hens in the PLA regimen that remained on the litter area at night was quite minimal (0.010 ± 0.001% 
or averaging 1 hen per 10,000), and a very low percentage of hens in the FLA regimen (0.040 ± 0.002 %) were observed in 
the litter area before the lights came on. Campbell et al. (2016) reported that the majority of hens in an aviary facility 
voluntarily returned to the system in the evening and the rest remained on the litter floor until the doors were reopened the 
next day. 
 
Figure 2. Percentage of birds outside the system at night vs. hen age (mean ± SE). FLA (Full litter access), PLA (Partial litter access). 
Mortality rate 
The weekly average and cumulative mortality per treatment is presented in Figure 3. No effect of litter access or 
experienced hens on mortality rate was observed. Overall mean weekly mortality rate was 0.22 ± 0.03% in FLA and 0.21 ± 
0.03% in PLA (P = 0.76), and 0.23 ± 0.03% when including 1.5% experienced hens and 0.21 ± 0.03% when not (P = 0.29). 
No significant effect of interaction between inclusion of 1.5% experienced hens and litter access management was found 
(P=0.92). 
The litter floor cleaning was performed between 37 and 38 WOA, and thus the system was kept closed during this period 
for all regimens. An abrupt increase in mortality rate was observed after the doors were reopened, especially in the FLA 
regimen. Due to the difficulty of locating dead birds during the period of cleaning (between 37 and 38 WOA), it was possible 
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that some of the mortalities incurred during this periodwere accounted for in the subsequent week (39 WOA). 
 
Figure 3. Weekly and cumulative mortality rate vs. hen age (mean ± SE). FLA (Full litter access), PLA (Partial litter access). 
The overall average cumulative mortality rate in the current study (14.3 ± 0.4 %) was higher than the reference value for 
Dekalb White hens (Hendrix Genetic Company, 2018) in alternative housing systems (94.3% liveability or cumulative 
mortality of 5.7% at 76 WOA). Studies carried out in aviary systems have reported cumulative mortality of 6.51-6.68% with 
hens at 70 WOA (Long et al., 2016), 3.2% at 52 WOA (Sirovnik et al., 2018), 6.7-16.3% at 80 WOA (Abrahamsson and 
Tauson, 1995), 5-20% at 70 WOA (Nicol et al., 2006), and 11.5% at 78 WOA (Karcher et al., 2015). 
Body weight and uniformity 
BW was not affected by litter access management (1.53 ± 0.01 kg in FLA and 1.51 ± 0.01 kg in PLA, P = 0.30) or 
inclusion of experienced hens (1.52 ± 0.01 kg with experienced hens and 1.53 ± 0.01 kg without, P = 0.87). Similarly, BW 
uniformity was not affected by the litter access management (81.5 ± 0.83% in FLA and 82.9 ± 0.83% in PLA, P = 0.17) or 
inclusion of experienced hens (82.4 ± 0.83% with experienced hens and 82.0 ± 0.83% without, P = 0.81). No significant 
effect of interaction between inclusion of 1.5% experienced hens and litter access management were found for BW (P=0.61) 
or BW uniformity (P = 0.23). The body weight and uniformity percentages are shown in Figures 4 and 5, respectively. 
The biggest concern was with the hens in the PLA regimen because if they remained outside the system at night they 
could only have access to feed and water after the doors were reopened the next day. However, the regimen did not affect 
BW or BW uniformity of the flock. 
10th International Livestock Environment Symposium (ILES X) Page 6 
 
Figure 4. Weekly body weight vs. hen age (mean ± SE). FLA (Full litter access), PLA (Partial litter access). 
 
 
Figure 5. Weekly uniformity vs. hen age (mean ± SE). FLA (Full litter access), PLA (Partial litter access). 
Ammonia concentration 
Ammonia concentration was affected by litter access management (17.2 ± 0.8 ppm in FLA and 13.5 ± 0.6 ppm in PLA, 
P < 0.001). Average ammonia concentrations over time were measured and shown in Figure 6. Ammonia concentration 
decreased almost linearly from January 2017 (cold weather) to May 2017 (mild weather). The highest ammonia levels 
mostly occurred in the FLA sections, presumably arising from the greater manure accumulation and higher moisture content 
of the litter. After March 2017, when ventilation rate increased in response to the warmer weather, ammonia concentrations 
fell below 25 ppm, the 8-hr exposure threshold for workers recommended by the American Conference of Governmental 
Industrial Hygienists (ACGIH) and the National Institute for Occupational Safety and Health (NIOSH) as well as the 
recommended threshold for poultry housing. 
Management of littered floor has a significant effect on ammonia concentration. Appropriate ventilation rate can reduce 
litter moisture content and thus ammonia release into the air (Xin et al., 2011). 
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Figure 6. Ammonia concentration (mean±SE) over time. FLA (Full litter access), PLA (Partial litter access). 
 
During the warm weather period, increased ventilation dried the litter more effectively, which reduced the ammonia 
generation, and further diluted its concentration. On the other hand, ammonia concentration peaked during the cold weather 
due to the minimum ventilation. During the cold weather, average ammonia concentration exceeded 25 ppm, the 8-hr 
exposure threshold for workers recommended by ACGIH and NIOSH. Ammonia concentration exceeded 25 ppm in January 
2017 in both PLA and FLA regimens, whereas in February 2017 and January 2018 the exceedance occurred only in FLA. 
Although the month of December 2017 registered very low ambient temperature (minimum of -29˚C), the ammonia 
concentration data were collected on a mild day (15˚C) and the ventilation rate was properly applied. Hence, the snap-shot 
measurement of the lower ammonia concentrations was likely not reflective of the actual levels in the cold weather. 
Amount of litter on the floor and moisture content 
Moisture content of the litter was affected by litter access management (31.3 ± 1.6 % in FLA and 20.3 ± 1.1 % in PLA, 
P < 0.001). Similarly, litter depth was influenced by controlling access to the litter area (3.77 ± 0.09 cm in FLA and 1.64 ± 
0.04 cm in PLA, P < 0.001). Litter access management affected the amount of floor litter removed (1.56 ± 0.06 kg/100 
hens/d in FLA and 0.67 ± 0.03 kg/100 hens/d in PLA, as-is basis; or 1.05 ± 0.04 kg/100 hens/d in FLA and 0.53 ± 0.02 
kg/100 hens/d in PLA, dry basis, P < 0.001).  The average amount of litter removed from the floor and litter moisture content 
from FLA and PLA regimens is presented in Figure 7. 
The conditions of the litter were affected by managing the litter floor access, and the main reason for the impact is the 
extended time (approximately 6 h during light period) of litter access in the FLA regimen. Moisture content in the FLA 
regimen averaged 54% higher than that in the PLA regimen. Litter depth in FLA averaged 130% higher than that in PLA, 
which translates to the additional amount of litter removed during cleaning period. 
 
 
Figure 7. Litter (as-is and dry basis) removed from the floor and litter moisture content per regimen (mean ± SE). FLA (Full litter access), PLA 
(Partial litter access). 
Conclusions 
Full litter access (FLA) of the aviary housing system showed a number of shortcomings when compared with partial litter 
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access (PLA), including much higher incidence of floor eggs, higher ammonia concentration and greater accumulation of 
manure on the floor which necessitates more frequent removal from the barn. No clear impact of using experienced hens to 
induce nest-laying behavior was observed. Young laying hens seem to learn how to return to the system at night quickly. 
Hen’s mortality, BW and BW uniformity were not affected by either managing the litter access or including experienced 
hens in the young flock. Thermal environment was not affected by the litter access management, but some degree of thermal 
heterogeneity was observed in the barn. 
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